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(57) Abstract 

When a vapour-phase mixture is brought in contact 
w,.h a l,qu,d absorbent kept at a temperature above the con 
densat.on temperature of the vapour-phase mixture the va 
pour-phase mixture becomes concentrated for those coLo" 
nems whtch are absorbed by the absorbent in smal l o^' 
g.ble amounts. In the method according to the invention fhe 
regenerat.on of the absorbent essentially utilizerthe hea- of 
absorpt.on of the absorbed components' The ac.i^a absorp 

of v/nn I " P^""^"larly suited to the separation 

of Napour-phase mixtures of minimum boiling point azeo" 
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SEPARATION AND CONCENTRATION METHOD BASED ON SELECTIVE 
ABSORPTION 

The present invention concerns a method according to the 
preamble of claim 1 for separating and/or concentrating 
liquids of partial or full mutual solubility. 

The mQst frequently employed methods for separating mutual- 
ly soluble liquids are distillation and a combination of 
stripping and distillation. A particular problem is pre- 
sented by azeotropic mixtures, since these cannot be separ- 
ated into their basic components by conventional distilla- 
tion. An azeotropic mixture can be separated by distilla- 
tion only through adding to the mixture an appropriate 
auxiliary component which forms a new ternary azeotrope 
with the components of the initial binary azeotrope. The 
basic components of the binary azeotrope can now be separ- 
ated by distillation by way of utilizing the difference 
between the boiling points of the binary and ternary azeo- 
tropes and recycling the auxiliary component, which is con- 
centrated by decanting or distillation. Distillation of the 
azeotropic mixture typically requires from 2 to 3 distilla- 
tion columns, multiple heat exchangers, vessels and pumps. 

Distillation is a relatively expensive separation method 
due to its high specific energy consumption. The reason for 
the high energy consumption is related to the fact that, in 
addition to the component recovered via the column top, 
energy must also be imported for the evaporation of the 
recycled component which is mandatory for the operation of 
the distillation column. Azeotropic distillation has both 
higher investment and energy costs per distilled mass unit 
than those of conventional distillation. Energy consumption 
is further increased by the use of the auxiliary component, 
number of distillation columns and required recycle 
circuits. A special drawback of azeotropic distillation are 
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the losses of the auxiliary component resulting in extra 
costs and frequently environmental problems as well. 

Absorption is conventionally employed for separating mix- 
tures of vapours and gases. The greatest drawback of the 
absorption method is its high specific energy consumption 
which is caused by the regeneration of the absorbent. It is 
an object of the selective absorption method according to 
the present invention to simplify the separation process of 
mutually soluble liquids, and more specifically, to reduce 
the specific energy consumption of the separation process. 
The method according to the invention is in certain cases 
capable of replacing distillation and stripping either 
partially or entirely. A particularly advantageous applica- 
tion of the method according to the invention is in the 
separation of minimtim boiling point azeotropes . The speci- 
fic energy consumption of the method is smaller than that 
of distillation, because the regeneration of the absorbent 
is essentially performed by virtue of the heat of absorp- 
tion and recycle return arrangements are not msindatory. The 
control of the separation process according to the inven- 
tion is extremely simple, and the control range covers 
0...100 % of the process input capacity. The selective ab- 
sorption method according to the invention makes the recov- 
ery of solvents profitable even for small lots of solvents 
and those forming azeotropes difficult to separate. Such 
solvents are used by the paint manufacturers, pharmaceu- 
ticals industry and printing houses. The characterizing 
properties of the method according to the invention are 
disclosed in the annexed claims . 

The method is based on the capability of specific liquids 
to absorb certain vapours. The same phenomenon is physical- 
ly utilized in absorption-type heat pumps in which the most 
commonly employed liquid-vapour pairs are formed by water 
capable of absorbing ammonia vapour cind the aqueous 
solution of lithium bromide which can absorb water vapour. 
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The method according to the invention differs from the 
absorption-type heat pump in that the vapour brought in 
contact with the absorbent contains two or more components 
and that the regeneration is essentially carried out with 
the help of the heat of absorption. 

In the selective absorption method according to the inven- 
tion the mixture formed by the mutually soluble liquids is 
evaporated and the vapour is brought in contact with an 
appropriate absorbent in an absorber. The vapour exiting 
the absorber is concentrated for those components which are 
absorbed in small or negligible amounts by the absorbent. 
The absorbed components are separated from the absorbent by 
evaporation, that is, the absorbent is regenerated by steam 
stripping. Through a suitable selection of the pressure of 
evaporation, the absorbent can be regenerated with the help 
of the heat of absorption. The regenerated absorbent is 
recycled back to the absorber, thus making the operation a 
continuous process. 

The selective absorption method according to the invention 
and its different application possibilities are described 
in the following with the help of examples by reference to 
the annexed drawings, in which Fig. 1 shows a selective 
absorption method according to the invention. Fig. 2 shows 
another selective absorption method according to the inven- 
tion, and Fig. 3 shows a third selective absorption method 
according to the invention. The different components are 
recognized in the examples by the following symbols: 

- Absorbents by A (Al , A2, A3, etc.) 

- Components to be absorbed by B (Bl, B2 , B3, etc.) 

- Components to be concentrated by C (CI, C2, C3, etc.) 

The absorbents can be selected from the group of, e.g., 
aqueous solutions of the salts or hydroxides of alkali and 
earth alkali metals, the components to be absorbed can be, 
e.g., water, methanol, ethanol, propanol or butanol, and 
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the components to be concentrated can Ho 

provided ^h^^- o,-^ F^nents to be absorbed, 

t^^oviaed that said compounds have a h-i.,K^ 

component, .e a.so..e.. ..e a.o.e.entione. ^sT^ JT 
and components to absorbed a.e given as examples 
they ™.3t not be understood as limitations to tL I;tLd 
according to the invention. method 

Fig. 1. in thxs example the component C to be 
concentrated and the component B to be absorbed .orm I 
mxnxmum boiling point azeotrope. 

in Fig 1 a ,,,,3^ tubular-jacket absorber 1 is connected 
pL e^^^e r \" ^'^^'^^ ' 

Pieces . The azeotropxc vapour mixture formed bv th^ o 
nents B and C is fed to the lower end ofTh T 
sorbPt- 1 = ^ .c jacketed ab- 

jacketed absorber 1 to the packed absorber 2 Zn bolh th 
.acketed absorber 1 and the packed absorber 2 theT 
-ought in contact .ith the liguid absorbent Vlich :" " 

:~mr ^ r"^' ^^^^^^ ^ i: thenar: 

a and 2, operate thus according to the counter-current 

r 17 " '^^'^^^'^ ^' - i« ^--^ed into 

A and consequently, the temperature of ^ i. elevated by 
the heat of absorption. Excessive temperature increase L 
A, whxch .3 disadvantageous to absorption, is prevented L 
coolxng the outer surface of the inner tube in the i!!!! ^ 
absorber. Xhe cooling is achieved by gravity fl^o the 
diluted A along the outer surface of the inner tube as a 

w-th the help of a condenser and a vacuum pump to such a 
level that the absorbed B is separat.H 

a xs separated by evaporation from 
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A. Thus, the iregeneration of the aiDsorbent A is essentially 
carried out with the help of the heat of absorption. 

The packed absorber 2 provides a relatively high surface 
area for phase transition, and consequently, the exiting 
vapour is essentially equilibrated with the concentrated 
absorbent A entering the absorber. The exiting vapour is 
concent,rated for component C, because A has principally 
absorbed component B alone. The steam concentrated for 
component C is taken from the packed absorber to condensa- 
tion. The heat content of the vapour can be utilized in, 
e.g., preheating of the feedstock. 

The bottom part of the jacketed absorber acts as a storage 
for the diluted absorbent A and a separation volume for the 
liquid and vapor phases. The diluted absorbent A is trans- 
ferred to the jacket volume of the jacketed absorber 1 with 
the help of a recirculating pump 4 to concentration, that 
is, regeneration. The bottom part of the jacket volume in 
the jacketed absorber 1 acts as a storage for the absorbent 
A, wherefrom A is pumped with the help of a recirculating 
pump 5 via a cooler 3 to the packed absorber 2. Cooling of 
the absorbent A below the condensation temperature of the 
vapour mixture formed by components B and C achieves 
condensation in the packed absorber, which corresponds to 
the recycle return in a conventional distillation column. 

A heating coil 6 placed in the jacket volume of the jacket- 
ed absorber is necessary during start-up and it can also be 
utilized for compensating heat losses from the equipment. 

Pilot tests performed indicate that minimum boiling point 
azeotropes formed by alcohols of small molecule size with 
water act in the concentration process according to the 
invention as ideal gases . 
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The use Of a cooled absorber permits operation with a smal- 
ler recirculating volume of the absorbent A, because the 
absorption capacity is increased with a decrease in the 

temperature . 

The evaporation of the mixture formed by components B and C 
prior to the inlet of the absorber 1 can be performed using 
a heat pump whose source of heat is the heat of condensa- 
tion released by the concentrated component C. 

Another route for implementing the method according to the 

method is shown in Fig. 2. 

According to Fig. 2 the vapour mixture formed by B and C is 
fed to the bottom part of an uncooled packed absorber 2 
concentrated liquid absorbent is fed with the help of a 
pump 5 to above the filler-piece bed of the absorber 2 The 
absorbent A flowing by gravity down along the filler-piece 
bed absorbs B and is heated by the heat of absorption. The 
diluted and heated absorbent A which accumulates to the 
bottom part of the absorber 2 is transferred via a level- 
sensitive expansion valve 7 to an expansion vessel 8 whose 
pressure is kept sufficiently low for expansion evaporation 
with the help of, e.g., a condenser and a vacuum pump. The 
heat of condensation contained in the vapour of component B 
generated in the expansion vessel 8, as well as the heat of 
condensation contained in the vapour enriched with compo- 
nent C in the absorber 2, can be utilized elsewhere in the 
process at points requiring heat input at an appropriate 
temperature level. 



35 



The bottom part of the absorber 2 acts as a storage for the 
diluted absorbent A, while the bottom part of the expansion 
vessel 8 acts as a pump storage for the concentrated absor- 
bent A. For start-up and compensation of heat losses, the 
expansion vessel is provided with a heating coil. 
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An uncooled absorber requires a larger voliime of the 
recirculating absorbent than a cooled absorber but is 
cheaper to construct, because a heat-exchanging surface is 
needed only on the heating coil. No essential difference in 
5 specific energy consiamption exists between a cooled and 

uncooled absorber, because in both constructions the heat 
of absorption can be utilized for regenerating the 
absorbent . 

10 Fig. 3 shows an exemplifying application of the method ac- 
cording to the invention in which the concentration effi- 
ciency is improved by connecting the concentration distil- 
lation in series with the absorber. This configuration is 
particularly suited to the concentration of a minimum 

15 boiling point azeotrope when an almost pure fraction of 
component C is desired. Concentration can be carried out 
without the use of a solvent necessary in conventional 
azeotropic distillation, and moreover, with a smaller 
specific energy consumption. 

20 

According to Fig. 3 the minimum boiling point azeotrope 
comprised of components B and C is fed in vapour phase to 
the bottom end of tube volume of an absorber-regenerator 1 . 
From here, the vapour mixture is routed via the tubes of 

25 the absorber-regenerator upward and further via a packed 
absorber 2 to a distillation column 12. The absorbent A 
flowing down by gravity as a thin film along the tubes of 
the absorber-regenerator 1 and the packed absorber 2 
absorbs component B from the vapour mix. The diluted 

30 absorbent A flows down through the tube voliame of the 

cibsorber-regenerator 1 accumulating in its bottom end which 
acts as a pump storage for the diluted absorbent A. From 
here, diluted A is transferred with the help of a pump 4 to 
the upper part of the jacket volume of the absorber- 

35 regenerator 1, wherefrom it is routed to flow by gravity as 
a thin film along the outer surfaces of the inner tubes. By 
arranging the pressure in the jacket volume of the 
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absorber-regenerator to a suitable level with the help of 
e.g., a condenser and a vacuuxn pu:„p, the absorbed component 
B .s separated by evaporation fro» absorbent A. The alnZt 
trated absorbent . is transferred to an expansion vessel ^ 
wh.ch also acts as a pun.p storage tor the concentrated ' 

^irT\^: ^--^-t A is recirculated 

wxth the help Of the pump 5 onto the filler-piece bed of 

the absorber 2. 

in the distillation column the vapour mixture comprised of 

strength of component C exceeding that in the azeotrope, is 
further concentrated in a distillation column 12. m the 
strapping section 14 of the column, component B is separat- 
ed by strxpp.ng from the component C to be concentrated 
whxch is removed from the bottom of the column 12 with the 

Tl^ ^""^ ^ --P°"t°- 10 mounted 

on the bottom .s steam-heated and circulation is based on 

natural convection . 

The higher the vapour mixture rises in the concentrating 
section 13 of the column 12, the more its composition 
approaches that of the azeotrope. In fact, the vapour 
mixture becomes leaner for component C as the proportion 
increases. Recycle recirculation recjuires a condenser 9, 
^herefrom the condensate is returned to the column 12 The 
-ent vapour having a composition close to azeotropic is 
returned with the help of a blower 15 back to the inlet of 
the absorber-regenerator 1. 

The bottom evaporator 10 can also act as a top condenser 
for the column 12 if the vapour exiting f.om the top sec- 
tion Of the column 12 is first compressed to such a high 
pressure that the condensation temperature of said vapour 
xs above the evaporation temperature in the bottom section 
Of the column. This type of open circulation heat pump can 
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al3o be replaced with a conventional closed circulation 
heat puunp . 

To thoae versed in the art it is evident that the scope of 
the invention is not exhausted by the exemplifying embodi- 
ments described above; instead, the invention can be varied 
within the disclosed claims. 
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CLAIMS : 

1. A separation and/or concentration method based on se- 
lective absorption, in which method a vapour-phase mixture 

5 is brought in contact with at least one liquid absorbent, 
said absorbent being in a temperature which is cibove the 
condensation temperature of the vapour-phase mixture and 
sa»id absorbent is capable of absorbing one or more compo- 
nents of the mixture, whereby the mixture becomes concen- 

10 trated for those components not absorbed in essential quan- 
tities by the absorbent, characterized in that the com- 
ponent or components absorbed in the absorbent is (are) 
separated from the absorbent by evaporation at a lower 
pressure than that employed during the absorption phase in 

15 a manner in which the regeneration of the absorbent is 
essentially performed with the help of the heat of 
absorption . 

2. A method as defined in claim 1, diaracteirized in that 
20 the absorption is performed in a counter-current operated 

cooled or uncooled absorber (1,2) or a combination thereof. 

3. A method as defined in claim 1 or 2, char-acterized in 
that the absorbent to be regenerated is used for cooling 

25 the absorber (1) . 

4. A method as defined in any foregoing claim 1...3, 
characterized, in that the regeneration is carried out at 
least partially as expansion evaporation, 

30 

5. A method as defined in ciny foregoing claim 1...4, 
characterized in that at least two different absorbents 
are used for separating and concentrating the components of 
the mixture so that the absorbents are sequentially brought 

35 in contact with the mixture . 
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6- A method as defined in any foregoing claim 1. . .5, 
ciiax'act:er-lzed in that the concentration efficiency is 
controlled by adjusting the strength and temperature of the 
licfuid absorbent . 

5 

1. A method as defined in any foregoing claim 1...6, 
chaz-acterized in that, when the concentrated mixture is 
routed to a concentration column (12) or similar equipment 
for the purpose of separating from the concentrated mixture 
10 an azeotropic or at least essentially azeotropic mixture 
which is returned to the absorber inlet by simultaneously 
mixing it with the mixture feed entering the absorber (1) . 



8. A method as defined in any foregoing claim 1, , .7, 
15 characterized in that the temperature of the cold 
absorbent is brought higher than the condensation 
temperature of the vapour by connecting an adiabatic 
absorber into the vapour flow after the absorber proper. 
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